The pigeon tick Argas reflexus is a pathogen-transmitting soft tick that typically feeds on pigeons, but can also attack humans causing local and systemic reactions. Chemical control is made difficult due to environmental contamination and resistance development. As a result, there is much interest in increasing the role of other strategies like biological control. In this study, the efficacy of three strains (V245, 685 and 715C) of entomopathogenic fungus Metarhizium anisopliae for biological control of three life stages of pigeon tick A. reflexus including eggs, larvae, engorged and unfed adults was investigated under laboratory conditions. Five concentrations of different strains of M. anisopliae ranging from 10 3 to 10 7 conidia/ml were used. All fungal strains significantly decreased hatchability of A. reflexus eggs. Strain V245 was the most effective strain on the mortality of larval stage with nearly 100% mortality at the lowest concentration (10 3 conidia/ml) at 10 days post-inoculation. The mortality rate of both engorged and unfed adult ticks were also increased significantly exposed to different conidial concentrations compared to the control groups (P < 0.05) making this fungus a potential biological control agent of pigeon tick reducing the use of chemical acaricides.
INTRODUCTION
Ticks are among the most important vectors of diseases both in humans and animals worldwide (15) . Argas reflexus belongs to Argasidae is a soft tick of pigeon (17) . It is a specific bloodsucking parasite of pigeon in various parts of Europe and the Middle East which under certain circumstances invades human habitations (5, 10) and bites people as a substitute host when pigeons are not available (12) causing not only skin irritations and pathogen transmission (11) , but also a Biocontrol of A. reflexus by M. anisopliae variety of symptoms corresponding to an IgE-mediated allergy with increasing severity resulting in death (28, 25, 30) .
Control strategies for tick population rely to a large extent on the use of chemical acaricides such as organophosphates, pyrethroids and amidines (22) . However, the appearance of pesticide resistant ticks, environmental damage and toxicity of chemical residues to humans are drawbacks to this strategy (16, 18) . Recently, entomopathogenic fungi have been considered as very important biocontrol agents for the control of insect pests as they offer a safer alternative for use in integrated pest management than chemical insecticides (24, 1, 27) .
Among entomopathogenic fungi, Metarhizium anisopliae has been extensively studied as a key regulatory organism for biological control of ticks, including Rhipicephalus microplus (6, 2), Rhipicephalus annulatus (20) , Ixodes scapularis (13),
Rhipicephalus appendiculatus and Amblyomma variegatum (14) . Previous studies demonstrated that the entomopathogenic fungi are more environmentally friendly agents which can be used as safer and more reliable alternatives for use in controlling ticks than chemical insecticides (8, 19) .
In the present study, the acaricidal effect of three strains of M. anisopliae (one from UK, one from Finland and one from Iran) for the biological control of three life stages of pigeon tick A. reflexus including eggs, larvae, engorged and unfed adults has been evaluated. Harvested conidia were suspended in sterilized distilled water (dH2O) containing 0.05% Tween 80, and later stored at 4°C.
MATERIALS AND METHODS

Fungus Strains
The density of conidial suspension was adjusted to 10 3 , 10 4 , 10 5 , 10 6 and 10 7 conidia/ml with a Neubauer haemocytometer as described by Butt and Goettel (4) . Percentage of viable conidia of each strain was determined on PDA prior to bioassays using the method of Goettel and Inglis (9) .
Ticks
The A. reflexus ticks are active during the night and spend the daytime hidden in cracks and crevices of pigeon nests. 
Bioassay Procedures
Three virulence assays of fungal strains were conducted against eggs, larvae and adult ticks of A. reflexus using varying Biocontrol of A. reflexus by M. anisopliae 
Determining Infection
Seven days after death, fungal hyphae started to emerge and sporulate and dead larvae and adult ticks appeared swollen with greenish areas on their body and legs. Mortality due to M.
anisopliae was then confirmed by microscopic examination of hyphae and spores on the surface of fungal treatment specimens.
Data Analysis
Data analysis was performed using general leaner model and repeated measure analysis (three-factor mixed design)
using Statistical Package for the Social Sciences (SPSS, Version 17, Chicago). Values of P < 0.05 were considered significant.The virulence data were examined by Probit analysis to obtain the LC 50 values with 95% confidence limit using MINITAB (Version 14, State college, Pennsylvania).
RESULTS
Egg Bioassay
Treated eggs were shriveled and turned to a reddish/purple color before sporulation was observed on their surfaces. All three strains of M. anisopliae with the conidia viability of more than 96% significantly decreased hatchability of A. reflexus eggs compared to the control group (P < 0.05). Only 13.3% of the eggs infected with V245 strain were hatched after two weeks, while the hatchability rate was 16% and 17.3 % for the eggs infected with strains 715C and 685 respectively. In contrast, the hatching rate in the control group was 87.3% ( Fig.   1 ).
Larval Bioassay
The results showed that all three strains of fungi examined were effective on the larvae at 4 DPI (P < 0.05). At 6 DPI strain V245 had the highest effect on larval stage with a mortality rate more than 75% for two conidial concentrations Tavassoli, M. et al.
Biocontrol of A. reflexus by M. anisopliae which have been used. All strains caused more than 80% mortality at 10 DPI and almost 100% mortality at 12 DPI in the larvae examined (Fig. 2) . It was observed that an increase in the mortality rate of larvae was proportional to the concentration of conidia used, i.e., the greater the concentration of conidia, the higher the percentage mortality of larvae. Figure 1 . Hatchability of A. reflexus eggs exposed to conidial concentration of 10 3 conidia/ml of M. anisopliae strains. Figure 2 . Mortality of A. reflexus larvae exposed to two conidia concentrations (A: 10 3 conidia/ml and B: 10 4 conidia/ml) of M.
anisopliae strains.
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Adult Bioassay
All strains of M. anisopliae examined in this study increased the mortality rate in the engorged ticks significantly (P < 0.05) at 9 DPI comparing to the control group (Fig. 3) . The infected engorged females appeared swollen and have been completely covered with fungal hyphae. Strain V245 was the most effective strain with LC 50 value of 2.7 × 10 4 conidia/ml at 15 DPI followed by 715C with LC 50 value of 4 × 10 4 conidia/ml at 15 DPI (Table   1) .
Unfed female ticks showed a lower susceptibility than engorged female ticks to different fungal strains (Fig. 4) . The mortality rate significantly increased at 12 DPI (P < 0.05). The results revealed that strain V245 was the most effective strain on unfed ticks same as results obtained for engorged ticks. The LC 50
values for all strains have been calculated at 12 and 15 DPI (Table   1 ). Figure 3 . Mortality of A. reflexus engorged adult females exposed to three conidia concentrations (A: 10 5 conidia/ml, B: 10 6 conidia/ml and C: 10 7 conidia/ml) of M. anisopliae strains.
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Biocontrol of A. reflexus by M. anisopliae Figure 4 . Mortality of A. reflexus unfed adult females exposed to different conidia concentrations (A: 10 5 conidia/ml, B: 10 6 conidia/ml and C: 10 7 conidia/ml) of M. anisopliae strains. LC 50 values for all three strains also showed that they had promising potential as biocontrol agents of pigeon tick.
Therefore, further investigations are necessary to validate the methods for possible use of these strains under field conditions.
